Dynamic lung volumes (forced vital capacity, forced expiratory volume in 0C5 second and in 1-0 second), static lung volumes (total lung capacity, functional residual capacity, residual volume), and ventilation-perfusion relationships (alveolar-arterial oxygen tension difference, alveolar dead space ventilation to tidal volume ratio, arterial oxygen and carbon dioxide tension, and the fractional ventilation and perfusion relationship by the three-compartment lung model) were measured in adult asthmatics during the acute, recovery, and stalble or asymptomatic phases of an asthmatic attack. Eighteen patients were studied during 20 separate asthmatic attacks.
Dynamic lung volumes (forced vital capacity, forced expiratory volume in 0C5 second and in 1-0 second), static lung volumes (total lung capacity, functional residual capacity, residual volume), and ventilation-perfusion relationships (alveolar-arterial oxygen tension difference, alveolar dead space ventilation to tidal volume ratio, arterial oxygen and carbon dioxide tension, and the fractional ventilation and perfusion relationship by the three-compartment lung model) were measured in adult asthmatics during the acute, recovery, and stalble or asymptomatic phases of an asthmatic attack. Eighteen patients were studied during 20 separate asthmatic attacks.
The patients behaved in one of three ways with regard to total lung capacity (TLC): group I had an elevated TLC during the acute asthmatic attack which returned to normal, group II had a normal TLC throughout the attack, and group III had an elevated TLC that did not return to normal on recovery from the asthmatic attack. With the patients separated into the three groups, the other pulmonary function measurements, especially the measurements of ventilation-perfusion abnormality, were compared. There were no statistically significant differences of ventilation-perfusion abnormality between groups I, II, or III. There was a tendency for perfusion abnormality to be less during the acute phase of the asthmatic attack in patients with an elevated TLC (group I). The three-compartment lung model revealed the major abnormality in all groups to be an increased fraction of unventilated but perfused lung.
Asthma is manifested by a widespread narrowing of the airways which changes in severity either spontaneously or as a result of therapy (American Thoracic Society, 1962) . The increase in airway resistance is associated with ventilationperfusion (V/Q) a-bnormalities which also reverse spontaneously or with therapy.
Several authors have correlated changes in the clinical status with dynamic lung volumes and with V/Q abnormalities. The most common index of airway resistance, the forced expiratory volume in 10 second (FEV1.0), correlates wuith the clinical condition, with the arterial oxygen tension (Pao) (Tai and Read, 1967; Palmer and Diament, 1969; McFadden and Lyons, 1968; Wilson et al., 1970; Palmer and Diament, 1968; Beale, Fowler, and Comroe, 1952) , and with the alveolar-arterial oxygen tension gradient (AaPo2) (McFadden and Lyons, 1968; Wilson et al., 1970) , all of which are reflections of uneven ventilation with respect to blood flow. There is generally no abnormality in true veno-arterial shunt as measured by AaPo2 on 100% 02, except in critically ill asthmatic patients (McFadden and Lyons, 1968 ; Rees, Millar, and Donald, 1968) . Some observations suggest that the Pao2 may not improve in parallel with the FEV1.0 (Rees et al., 1968) .
Asthmatic patients also show abnormal distribution of ventilation (Bentivoglio et al., 1963; Heckscher et al., 1968; Ledbetter, Bruck, and Farhi, 1964; Woolcock, McRae, Morris, and Read, 1966; Fowler, Cornish, and Kety, 1952) . Asthmatics usually have overall alveolar hyperventilation, although the ratio of physiological dead space ventilation to tidal volume (VD/VT) may be increased (Tai and Read, 1967; McFadden and Lyons, 1968) ; alveolar hypoventilation with elevated arterial carbon dioxide tension (Paco,) occurs only in severely ill asthmatic patients (McFadden and Lyons, 1968; Wilson et al., 1970) ; this observation is in contrast to patients with chronic bronchitis who tend to have an elevated Paco2 at comparable levels of airway obstruction (Palmer and Diament, 1970) .
Ventilation-perfusion studies with radioxenon reveal regional hypoperfusion associated with regional hypoventilation; but perfusion is usually decreased less than ventilation, leading to areas with low V/Q ratios (Bentivoglio et al., 1963; Heckscher et al., 1968) . The extent of the radioxenon abnormality correlates with the extent of abnormality in helium mixing, FEV1.0, Pao2, and AaPo2 gradient (Bentivoglio et al., 1963; Woolcock et al., 1966) .
The magnitude of V/Q abnormality has been reported to correlate also with changes of static lung volumes in asthma, especially to increases in residual volume to total lung capacity ratio (RV/TLC) (Palmer and Diament, 1969) .
It has been found that serial measurements of static lung volumes (TLC, RV, functional residual capacity-FRC) during and after an asthmatic attack show several different patterns of abnormality, and that improvement in static volumes may not be reflected in simultaneous improvements in dynamic measurements such as the FEV1.0; V/Q abnormality was not measured in these studies (Woolcock and Read, 1966; Woolcock and Read, 1965 Table I ; an explanation of the three groups will be given later.
Two patients were studied during two separate asthmatic attacks, with similar findings. In order to avoid bias, the studies during one of the attacks only were included for st-atistical analysis. At the time of each of these evaluations the patient was given a clinical grade from 1 to 3. Clinical grade 1 the patient was dyspnoeic at rest or on minimal exertion; clinical grade 2-the patient was dyspnoeic with normal activity; and clinical grade 3-the patient was dyspnoeic only on heavy exertion or was completely asymptomatic. Data of patients who were studied twice at any clinical grade are presented as a mean of the two estimates for analysis.
If the patient had an infiltrate on the chest radiograph or if significan,t bronchial infection was thought to be present, the patient was not included in the study. Pulmonary function testing Spirometry was performed on a Stead-Wells 9-litre spirometer; forced vital capacity (FVC), forced expiratory volume in (Fup, v) , the fraction of lung perfused but unventilated (Fuv, p), and the remainder of lung that is ventilated and perfused (Fvp). Fvp is equal to p+Fup, v) . For all calculations, arteriovenous oxygen difference was assumed to be 5 vol%. The mean normal value for Fup, v is 0-27, and for Fuv, p is 0-02 (Penman and Howard, 1966 The means and pooled estimates of the standard errors for each of the 13 variables measured at each of the three clinical grades for groups I, II, and III are presented in Table II . Listed on the right are P values for each variable to determine the significance of the change between clinical grades within each group (Duncan, 1955; Harter, 1960; Kramer, 1956 2. There is also a significant difference at clini- After the above studies were completed, patients from each group were called in for studies of respiratory mechanics to see if any clearcut differences existed between groups I, II, and III. Fourteen of the 18 patients completed the study; all of group I, four of seven of group II, and four of five of group Ill. Table IV shows results of specific dynamic compliance (dynamic compliance/FRC), maximum elastic recoil (MER), and coefficient of lung retraction (MER/ TLC) for each of the patients studied. There were no differences between groups I, II, or Im.
All studies of mechanics were performed when the patients were either asymptomatic or only mildly symptomatic.
Static and dynamic lung volumes and ventilation-perfusion abnormality in adult asthma 595 'Normal range 0-038-0072. Standard deviations in parentheses.
DISCUSSION
The asthmatic attack is associated with changes in static lung volumes, i.e., increased FRC and 'hyperinflation' which may be defined as an increased RV/TLC ratio. A study of the behaviour of static lung volume in asthmatic patients has been reported by Woolcock et al. (1966) , who found that some patients dramatically increased their FRC and TLC during an asthmatic attack while other patients did not demonstrate significant changes. Woolcock et al. (1966) ; Woolcock and Read (1965) have postulated that the elevation of FRC and TLC may represent a uniform physiological response to airway narrowing, and aid in maintaining patent airways; they also considered the possibility that the helium dilution technique for measurement of lung volume, by excluding non-ventilated areas of lung, would have underestimated FRC in some patients. In the present study the volume body plethysmograph was used to measure lung volume, which negates the error found with gas dilution techniques, and yet variations in static lung volumes similar to those reported with the helium dilution method were found. According to changes in TLC the patients in this study were separated into three groups. Group I had an elevated TLC which returned toward normal, group II had a normal TLC at all clinical grades, and group Im had an elevated TLC at all clinical grades. With the patient groups separated in this manner, other parameters of pulmonary function, especially measurements of V/Q abnormality, were compared. If, as has been suggested, elevation of FRC and TLC is functionally beneficial to the asthmatic, one would expect patients who could markedly increase the FRC and TLC (group I) to demonstrate less V/Q abnormality; however, there was no significant difference between groups I, II, and III with regard to V/Q abnormality. There was only a tendency for groups II and III to have lower Pao2 and higher Fuv, p at clinical grade 1, but this was not statistically significant.
The estimation of V/Q abnormality by the three-compartment method of Penman (1967); Workman et al. (1965) reveals the primary defect in all three groups to be an irmbalance of perfusion as measured by Fuv, p, which correlated with clinical grade in all three groups. The threecompartment measurement of alveolar dead space ventilation, i.e., Fup, v, was normal in all groups at each clinical grade.
The basis for the variation in static lung volumes among the three groups is not evident from this study. The values for compliance and elastic recoil in patients from each group are presented in Table IV , but these measurements were made after the original study, and no measurements were made at a stage comparable to clinical grade 1. The values for MER and coefficient of lung retraction for each group are generally low, but this is not surprising considering the mean ages of the groups (41, 43, and 55 years) since MER decreases with age (Turner, Mead, and Wohl, 1968) and may remain low, even in younger patients, after an asthmatic attack (Gold, Kaufman, and Nadel, 1967 
